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(57) Abstract ^ . - 

A suspension (22, 102. 190) supports a slider assembly (20, 204) in a disc drive (10). The ^suspension (22, 102. 190) include a 
longitudinal axis (48. 114. 210), a proximal mounting section (40; 106) for mounting to a rigid track accessing anii (24. 204). a distol 
mounting section (42, 108) for supporting the slid^ assembly (20; 204). and first and second laterally spaced suspension' beams (44. ^. 
1 10. 1 12. 206. 208) extending ftom the proximal mountihg section (40. 106) to the distal mounting section (42. 108). The firet aiid se<»i^ 
suspension beams (44. 46. 110. 112. 206. 208) have iriside and outside edges (66. 68. 124, 126) relative to the |«»fi^<i?^^*«;<^ 
210) and arc flat from the inside edges (66, 124) to the outside edges (68, 126). A first preload bend (80, 113. 214) is f omaed m the tirst j 
and second suspension beams (44. 46, 1 10. 1 12. 206. 208) transverse to the longimdinal axis (48, 114. 210). 
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LOW MASS DISC DRIVE SUSPENSION^ = 

BACKGROUND OF THE INVENtlON 
The present iiiventiorr fei^ates 
data storage systems and, more- p^rticularlv;;. to a low 
5 mass suspension formed by a pair of laterally spaced 
suspeinsion beiams. - - - ^ 

Disc drive diata storage systems use rigid 
discs which are coated with a^ magnetizable tiiedium^ for 
storage of digital ihf ormdtibn ■ in- a plufaiity of 

10 circular, concentric data tracksV Th^ 

on a spindle motor which catisfes the discs^ tb"" Spih stnd 
the surfaces of the discs to pass linder respective 
hydrodynamic ( e . g . air) bearing 'disc head slide irs . The 
sliders carry transducers which write information to and 

15 read information from the disc surfaces: Each slideir is^ 
supported by a track accessing arm and a suspension. 
The track accessing arms move the' sliders from track to 
track across the surfaces of the disc^ under control of 
electronic circ"itryi ' 

20 Thie suspendxoh connects the traick accessing 

arm to the slider. The 'suspension provides a preload 
force, in the rang^ of 0,5 gmf to 4;:6 gmf ; which fdrdes 
the slider toward the disc surf ace . The preload force 
is generated by forming a preload bend in the 

25 suspension^ which becomes elastically 'defb^ 

track accessing airmV suspension and sliddr are loaded 
into the disc drive,- The' preload bend lis :typicaLily 
^positioned hear the proximal'^ end of 'th^ sus^eiisidii/ 
^ adjacent to the- track^-;iccessing^rmv;^:^ T^ has 

30 a comparatively rigid portion which transfers 'tKe 
preload force from: the elastically dSfbihhed preload bend 
. to the slider . The rigid pbrt ion is typically ^^^^^^^ by 
forming stiff eniiig webs or flanges ' alp^g the 
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longitutiinaa - edges of i the suspension. J . Alternatively/ 
the rigid por:tion may be formed ^ by depositing circuit 
i^Y^rp on the suspension material.. The . rigid portion 
of the suspension is . typically re fe^ to , as. a /'load 
5 beam" . . _ , • : ^ 

Additionally, the suspension is; flexible in 
the sla.der pitch and^ roll direqtipns^^ allow the slider 
^i^^^ roll 
f lexi^^ility is;, obtained from a giinba,! ; structurey w 
f ® ^ypip^^-ly a separate piece ;part t:ha.t as welded to 
load beam port ion of the su^perxs ion • , Thei / separate 
gimbal is usually formed from a thinner material than 
the Ip^ci beam to increase it3 pitch and roll compliance. 
AltezTiatiyely, the gimbal may be formed from partially 
15 etched material pr; from the load beam mater:ial itself . 
Partially etched gimbal s^; are subject to .wide variations 
in pitch and roll stiffness a^, the etched thickness 
varies over a typical range. Gimbal^^^^ 

load beam material restrict the suspension to> be made of 
20 thin stock which can support only;. s^^ forces. 

The slider includesc^ an air i bearing surface 
which faces the disc surface. As. the, disc rotates/ the 
air bearing . surf ace pitches and rolls to an equilibrium 
position wherein a center of bearing pressure is ^defined 
25 on the air bearing surface. The desired location of the 
pressure center is defined as th^, . air : bea^^ 
point • Variations in pitch, and roll moments appli^dftby 
the gi^fibal cause deyiatdyqna Jthe locatipnr ofK t 
pre ssui:^ cent away from the desired air bearding,, Ipsid 
30 point..;.". ^ ^ ...^ . 

The point at which the suspension applies ^the 
^^9^^ ^^^^^j^^ the. slider is usually directly 

i ^ point . : The , preload force is 

typically applied to the slider through a dimple or load 
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button which bears ' on the back : surface of the 'slider . 
Alternatively, the preload force is applied through the 
gimbal ^structure . This point of preload application is 
defined as the suspension load point. ' ' 

5 Microactuators are now being developed for 

adjusting the position: of the slider and transducer in 
an of f- track direction; Either of the above methods of 
applying the preload force to the slider restricts the 
off -track motion of the slider at the. suspension load 

10 point. When the preload force is applied to the slider 
through a dimple, : the microactuator must overcome 
friction between the dimple and the slider surface to 
move the slider in the off- track direction. When the 
preload force is applied to the slider through a gimbal, 

15 the microactuator must overcome the off -track stiffness 
of the gimbal to move the - slider in the off -track 
direction. 

Improved suspension strxictures that are 
adapted for microactuation are deisired. 
20 SUMMARY OF THE INVENTION 

The suspension of the present ihverition 
includes a longitudinal ; aixis, a proximal mounting 
section for mounting to a rigid track accessing arm, a 
distal mounting; section for supporting a slider 
25 assembly,, and first and: . second vlateraily spaced 
suspension beams extending from the- proximal mounting 
section to the distal mouriting-j^^section. The first and 
second suspension beams have^ inside -and outside 'edges 
relative to the longitudinalr axis and are- flat from the 
30 inside-edges to the outside edges.- A first preload b^ 

is formed in the first and second suspension beams 
transverse, to the longitudinal axis . ~ 



-4- 

: . BRIEF DESCRIPTION OF THE --DRAWINGS I 

' Figure 1 is a. top plan view of a -disc drive 

data storage device according to one '^^ierabodim^nt "of 
present invention; . r ; 

Figure 2A is a top plan view of an actuator 
assembly of the disc drive shown in Figure i: 

Figure 2B is a side plan view of the actuator 

assembly. 

Figure 2C is a cross - sectional view taken 
along lines 2C--2C of Figure 2A. - . 

Figure s;3A is a top plan view of an actuator 
assembly according to an alternative embodiment of the 
present invention. 

Figure 3B is a side plan view of the actuator 
. assembly shown in Figure 3A. 

Figure 4 Is . a top plan view of ' an abtuator 
assembly having a suspension attached to a leading end 
of a slider assembly. 

Figures : 5A and 5B are Isometric views of a 
finite element model: o£ : a susperisibn in the actuator 
assembly showiv in Figxire 3A.^ ' ■ c: ■ 

Figure 6 is a pibt of net pitch torsibn at an 
air bearing load .point versus preload bendclocat ion. 

Figure :7A is an isometricr view of a 'finite: 
element model. :of tlie. suspension in Figure 3A -With a 
preload bend removed. 

V Figure 7B is .anJ^off-tratck: bode plof^ -of the 
. model j:shQwn in^-Figure /7Ai : ' 

- j liFigure 8A;^isr a; side plarr view of the model 
.shown in Figure 5A with ia preload bend positioned at 50 
percent: of, the suspension beam length , . 

Figure SBv is; an: of f -track bode plot for the 
model shown in Figure 8A. 
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Figure 9A is a side plan view of th0 model 
shown in Figure 5A with a preload bend positioned at 35 
, . percent , of the suspension beam length.: 

Figure 9B is an off-track, bode plot of the 
5 jmodel shown;; in Figure 9h-^.y:--- 

Figure IQA is a top plan view of an actuator 
assembly having, piezoelectric strips on suspension 
preload bends.: . 

Figure IQBris a side plan view of the a;ctucLtor 
10 assembly shpwn in Figure lOA. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figure 1 is a plan view ; of . a disc drive 10 
according to one embodiment of the present invention. 
Disc drive 10 includes a housing with a: :base 12 and a 
15 top cover 14 (sections; of top cover ±4: are removed f or 
clarity) . . Disc cbrive 10 if xirfeher includes Ja disc^ pack 
16 , which ia-moimted oh; a spindle motor (not. shovni)^ by 
a disc ;Clamp: 18 . Disc pack : 16 /rincludes a pluraiitxy: of 
individual discs which are raounted7 for c6- rotation about 
20 a central, axis . ■ Each disc - surf ace has- an asso'ciated 
disc head ^lider/microactuator assembly 2:0 which- is 
mounted to disc; drive 10 for communication wi 
surface. Each, slider/microactuator assembly- 20;< is 
supported by a suspension-^ 22.! which, ; iii turn, is 
25 supported by^; a .rigid; track* accessing . arm 24 • of 4- an 
actuator ■ assembly 26. .„.■-. ' v^— 

The, actuator assembly shown in Figurevl" is of 
the -type known as a? rotary moving coil^^ 
includes; a voice coil mptor (VGM). ; shown generally at 
30 , 28 . -Voice coil motor 28 rotates; actuator .iassembl^^^ ^26 
with its attached slider/microactuator;. asseitiblies 20 
about a pivot shaft 30 to position; slider 2d;voyer a 
desired data _ track under the control of electronic 
circuitry 33. Slider/microactuator assembly 20 traviels 
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along an arcuate path 32 between a disciinner 6iameter 
(ID) 38: and a disc outer diameter (OD)- ;3-9:; ' 

Suspension 22 is Shown in' gre4ter'detail'^in 
Figures 2A and 2B. Figure 2A is a top pleiri view of the 
5 distal end of actuator assembly 26 . Figfure 2B' is a^aide 
plan view of the distal end of actuator- assembly 26. 
Suspension 22 has a proxinfeli -mounting rsfecsrion 40^ - f 
in phantom), a distal mounting section 42, k pair 
laterally spaced suspension beams 44 arid 46 and a 
10 longitudinal axis 48. Proximal mounting section 40- is 
supported by track accessing arm 24,- A variety of 
mounting techniques can be used to attach proximal 
mounting section 40 to trac)c accessing arm 24. 

Suspension beams 44 and 46 extend from 
proximal mounting section 40 to distal ?moxmtirig section 
42. along longitudinal axis 48. Suspensiori hearts 4^ and 
46 ; terminate at a pair of slidfer mounting' pads 50 and 
52>: respectively, within distal mounting section 42; for 
supporting slider/microactuator assembly 20. An 
optional bridge structure 54 Extends -bfet ween slider 
mounting pads -SO-and 52 and ihcrudeis preforined bends 54A 
and 54B which, raise bridge strliGtur^' 54--* relative to the 
? top surface of slider/microactuator a^sseiifloly 20. • ' 

The, . simpler - block - r.^preseriting 
25 ■ slider/microactuator assembly 20^ may inciude -a sMder 
body 56 only or slider body 56. in cdhibination with- a 
microactuator structure 58. in the embodiment shown in 
c Figures;. 2A and : 2B, slider mounting p^dS ' 50 and^ 52"-.'^ 
bonded, to . microactuator structure 58V ■ which Wtispends 
30 slider .bodyv56 -beneath bridge stiticturd^^ -54 and f ree" of 
physical contact .with bridgfe.- structure^ S6v' This al Ibws 
slider body 56 to move freei,y in an 'off-graek dire^on 
59, transverse to , longitudinal axis - '48 without 
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frictional or other structural interference from 
suspension 22. 

Slider body 56 has a back surface 56a > a 
bearing surface 56b, a leading surface 56e/ a trailing 
5 surface 56d and side surfaces 56e and 56f:. A variety of 
miqroactuators can be used with the present invention, 
such as cui electromagnetic device on top of slider body 
56 . iVnother microactuator. device that is . well suited 
for the suspension of the present invention is a 

10 piezoelectric device deposited on leading surf ace 56a of 
slider 56 . Microactuator structure 48 may alternatively 
support slider body 56 along, side surf aces 56e and 56f , 
For example , microactuator . structure 58 can suspend 
slider body 56 between a pair of beams 60a and 60b which 

15 . are attached to a< point along side surfaces; 5 6e and 56f • 
Slider support pads 50 and 52 are» bonded to the top 
surface of beams 60a and 6 Ob ^ : respectively . Narrow beam 
springs located between beam 60a cuid slider side surface 
56e and between beam 60b and slider side surface 56f 

20 support the slicier while allowing the slider to move 
■ - _ freely. 

Attaching the suspension to the microactuator 
structure at a point distcoit from the slider body allows 
.the slider body to move :fr:eely - .in ^the off -track 
25 direction with very little actuat:ion foircer. Figure 2C 
is a sectional view taken -along- lines :2jClr:r 2C. of Figure 
2A, which shown the spacing, between itearidg^^ 
and slider body 56 in greater detail / In^an altern 
embodiment, there is no microactuatjor structure/ . and 
30 slider support pads are bonde.d-directly to back., surface 
56a of slider, body 56 • : , : : \ ^ • -'^ 

In the embodiment vShown in Figures 2A and'^^ 
beams 44 and 46 extend . along the ' sides. of 
slider /microactuator assembly/, 20, and - the average 
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longitudinal location of the . beam attachment at diider 
mounting padis 50 and 52 corresponds to an air: tearing 
load point 61 of slider body 56 (shown in Figure 2B) . 
As the disc rotates beneath air bearing surf ace 56b/ the 
5 slider body pitches and rolls to an iaquilibrium position 
therein a center bearing-^* pressure is defined on the air 
bearing surface. The desired location- of the pressure 
center is def ined as the air bearing load point 61. 
Slider mounting pads 50 and 52 are attached to 

10 microactuat or structure- 58 such that air bearing load 
> point 61 lies substantially directly between the 
suspension beam attachment points . However, this 
embodiment has a disadvantage that a number of potent 
recording tracks cannot be accessed hear the ' inner 

15 diameter of the disc since the suspension beam adjaicent 
the. inner diameter must fit between slider/microkctuator 
assembly 20 and the disc spindle hub. For example if 
there are 10,000 tracks^ per inch oii the disc and 
suspension beams 44- arid 46 extend abdut 0.010^ inches 

20 from thei side of slider/microactuator assembly 20, 
roughly 100 tracks are lost from the iimer radius area 
of the disc. 

Suspension 22 has^ no distinct separation into 
preload bend, "load beam and gimbal areas. Both the 

25 preloadings and gimbal flexure functions arie - obtain 

from suspension^ '^b^ams 44 and -4 6.' Suspension beamis 44 
and 46;^ are^<togfe2^^^ t typical gimbal struts of the 
prior : art ;^ which results in similar pitchi stiffness . 
The V roll stiffness of suspension beams 44 arid 46 is 

30 ' -higher than typical ginUaal struts because th€^ beams are 
placed farther apart than typical gimbal stinits.^The 
high rbll stiffness, however/ is com^ with air 

bearing sliders having a ^s ingle recording head mounted 
at the center of the! trailing surface 56d of slider- body 
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56 . . With the recording head mounted at the center of 
trailing surface ,56d> the flying height of the.recording 
head is relatively insensitive to; roll s , 

Suspension. 22 isymade^ flat stock of 

5 stainless, steel or similar;, ; .t^^ which/ has a 

thickness f rom- 0 .5 to 2 .0 .mils, for example. ;i;he f lat 
stock of material is , lithograph! and 
chemically etchepl to' fprin suspension beams 44 and 46. 
Suspension 22 has an upper vsurface 62 and a lower 

10 surface 64, and suspension be Atns 44 and 46 have an 
inside edge 66 and aji outside edge ; 68 ^relative to 
longitudinal axis 48. Suspension 22 has no stiffening 
webs or flanges, along the length, of ; beams : 44 , aiid 46 . 
Rather, suspension beams 44 and 46 ^a?:e subsitantialiy 

15 flat from inside, edge 66. to outside.. 

Suspension beams. 44 r, andr 46 have a width W 
which tapers along longitud;inal^ 48,; with the wide 

end of the beams being supported by tra;Ck accessing arm 
24 and the njarrpw end of .the beams, supporting 

20 slider/microactuator assembly 20;. Width W preferably 
narrows linearly from a mspcimum width at track accessing 
arm 24 to a minimum width at sf lider ; assembly 20 , :r; In an 
altemcf.tive embodiment, beams^j44 and 46,h^ constant 
width f rom trapk accessing arm 24 itp: slider- assent 

25 A preload bend- 80 irXaJiown yin Figu^^^^ 

foarmed in. suspension beams 44 and^ j46 , in a directibn 
transverse tp longitudinal /c«is 48 vL:^;Prelpadnbend•::80 
becomes .elasticaliy deformed (as shown in.iFdgiureii2B) 
when track accessing armr: 24, * suspensi 22 and 

30 slider/microactuator assembly 20 are, loaded L the 
disp ■ drive. / ..• ^.-r^-':^ r 

Notches 82 and: 84r. are formed >. along. 5 inside 
edg^s 66 of beams 44 and 46 for def ining a weak: poiritu^^ 
the beams which aids? in consistent ..Ipeation ; of preload 
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bend 80 along longitudinal ms 481 - Notch^ 82' and 84 
may be located along inside edges 66^6nlyV outside ed^es 
68 only or along both inside edges 66 and' but ed^^s 
68. Alternatively there- may be no ri^^ In the 

prior art ;- the preload' bend Idc is typically set by 

the tooling- usied to form the bend. ^V^riitionJ'^in todl 
set-up can cause variations ih the preload bend Ibc4ti6n 
of about +/- 0.06 mm r fbr example. iTotchfes 82 and 84 
increase the stress level in adjacent material during 
the preload bend forming process y such that lar^e 
plastic deformations occur near the desired bend 
location. Therefore, the majority of plastic strain 
defining the preload bend is localized/ regardless of 
variations in tooling; In this manner, the placement of 
15 preload bend 80 is Mcontrolled more accurately than in 
the -prior art. Alternatively, specif ica't ions on tool 
accuracy may be relaxed with a similair level of beiid 
placement, accuracy. . . :i ; 

With the tapered sxisperisiori beams shown in 
Pagure 2A, the beams haiVe-' a nearly uniform • behdirig 
.stress- level' along -th%ir a% i'fl^ response to "elastic 
deformation of preload bend^80> excfejit f or end effebts 
in the suspensibri where^^'the susperisioh conhebts to 
relatively rigid conqponents. In coHtrast, suspension 
25 beams^with' a- constaht-Width-have a maj^itnum stress due to 
the elastic deformation bf preload bend 80 ar the tfrack 
accessing arm end bf the^ beams, which decreases "tb a 
small stress at - the slider" end of' tfi^ 'beams . This 
maximum stress^ is determined -by the beatii width whicfe is 
set by the lithographic masking ahd- chemical " etbhiri& 
process. Tapered beams also have less mass for "a giveh 
maximum bendiiig = stress level and therefore have less 
tendency to separate from the disc Surface under shbdfc 
loading as compared to constant width beams If thk 
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suspension beams taper to a point at the air Rearing 
load point, the beams will have a minimum mass for a 
given . bending stress level. Sulpstantially all of the 
suspension material will be. at , the^ specif fed, .bending 
5 stress level, so no further masS; reductions ean be made 
without increasing the bending stress level .a^boyie tlie 
specif ied level . This results in the: best ppssible low 
frequency shock resistance. 

. Suspension beams 44 and 46 are substantially 

10 unconnected to one another between track accessing arm 
24 and slider /microactuator assembly 20 i However , 
suspension 22 may further include minimal tooling 
features such as features 72 and 74 (shown in phantom) 
which extend between the suspension beams fpr providing 

15 apertures, slots ,or other features for, aiding in the 
alignment . of track accessing arm 2 4> suspension 2:2. aind 
slider /microactuator assembly 20 during assembly.: : 

Figures 3 A and 3B illustrate an actuator 
assembly 100 in which the suspension beams are attached 

20 to the leading: end of slider/microactuator structure 20 
as opposed to the sides of the assembly, in accordance 
with an alternative embodiment of the present invention. 
Figure 3A is a top plan view of the distal end of 
actuator assembly 100, and Figure 3B; is :a. siderrplan view 

25 of actuator assembly 100. The same- a^eference n^ 

are used for the same or similar Telements . as were used 
in Figures 1-2 . , j^ctuator assembly' 100 includes track 
accessing arm 24, ^slider/miqrpactuatq^^ assejmbly 20 and 
suspension 102. 

30' - Suspension 102 includes prpximal: moiinting 

section 106, distal mpunting section 1,08, laterally 
spaced suspension beams 110 .and 112 and longitudinal 
axis 114 . Suspension beams llO and 112 have a preload 
bend 113 formed, transverse to longitudinal axis ir4. 
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Distal mounting section 108 extends- over the "top* surf ace 
of srider/microactuator assembly 20 a distance 115 and 
is bonded to either microactua tor stiriictur^ 
body 56. In one embodiment, distal mounting section 108 
5 is bonded to the top— siirf ace^of a main 'b8dy siBW of 
microactuator strucfeure 58/ - Main body 58a ii^^' a 
pluraility of electrical tfenhirials 119 f sh6wn in 
phantom), some of which may be Electrically cdUjiied to 
suspension 102 such that susperisioii ^02 acts as a grotind 
10 plane for the microactuator. The remaining termiiials^ 
would be coupled to electrical control wire^' in a knbwn 
manner. Main body 58a supports slider body 56 thxough 
beams 60a and 60b and narrow spring between 60a arid 56e 
and between 60b and 56f. 

Suspension beams 110 sitid 112 have aii ef f ective 
free length Lp, which is measured from" the distsil end of 
track accessing arm 24- to- the leading end of 
slider/microactuatbr assembly 20. ^Suspension 102 
transfers a preload force from the eiastically deformed 
20 preload bend 113 to slider/micrbactuator assembly 20 at 
a suspension load point 116 V Suspension load 'i>cd:^ ii6 
is defined as the point along longitudinal axis 114 at 
which suspension 102 is first connected to 
slider/microactuator assembly 20 (in thi^ case at the 
25 leading end of assembly 20) - 

By placing suspehsioh lokd point i 
of the air bearing load point 61; -Suspension beams 110 
and 112 may be placed' closer together which: decreases; 
the roll stiffness of suspension 102 and increaseis' the 
30 -number of usable data tracks at the Inner radius area of 
the disc. This also results in a cdrnBihed preload force 
and pitch moment being applied to slider/microactuator 
assembly 20 at suspension load point 116. The ijitch 
moment is defined as the preload force times a 
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longitudinal distance 118 between suspension loa<^ point 
116 and air bearing load point 61 • The coirreet . p^ 
moment at suspension lo^cl. point 116 results in. -a 
desired, substantially zero pitch .moment at air ..bearing 
5 load point 61. -..^^ . ' - 

One method- of obtaining : the eprrect pitch 
moment isi to place preload bend 113 at axi} appropriaite 
position along th?t, Tength of suspension beams 110 and 
112. Notches 122 a?"e formed, ^long inside edges 124 and 
10 outside edges 126; of susperision beams 110 and 112 for 
acGurately defining., the location r of preload bend: 113 
along, length 120 . For a set of suspension beams having 
a constant width along length ,120, this IpcationL was 
found to, be preferad^ly about JL/3. the di between 
15 track accessing arm, 24 and/ suspension load point 116.. 
For a set of tapered suspension . beams with , nearly 
constant bending stress, as described cLbove> this 
location was found. to be about . 1/2 the distance between 
track accessing arm 24 and suspension load point 116 , 
20 Figure 4 is side plan view pf an actuator 

as sembly 14 0 according to another alternative embodiment 
of the present invention. Actuator, assembly 140 
includes track accessing arm/; 24/ suspension 142 and 
slider/microiactuator . assemb^yr 144 , Suspension. 142 is: 
25 bonded., to the.leadingr surf ace of .slider/^ 

assembly 144. SlAder/microactuator asse include 
a slider body 146.,only^ or, more prefeo^bly,, can include 
slider body 146 in ..qombination^^-w^^^ miGroactuator 
structure 148 . Microactuator struqture 148, Is ; bonded to 
30 leading[ slider . surf ace 150 . during ;a/he;ad 

fabrication.^ Microactuator structu up>^by 
a thick film 'met^jd , and then. ^ 

dicing the wafer: .irit:o individual slider bodies;; 
electrical cbimections are made to the microactuator 
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electrical terminals. Suspension 142 is then attached 
to leading surface 152 of microactu^itxbr "structtire 148 
with the electrical; ddnnectionr ftitfetiiios^d b^tW^^u 
suspension 142 and microactuator stinacture 1^8 :^'i±ri| ith 
insulating epoxy or similar adhesive. 

Thfe electrical signals thafc^are applied to the 
electrical terminals^ cause inicroactuitor structure '148 
to selectively expand and contract the^ielat:ive dist'^^2fe 
between suspension 142 and the two ends of ieadiiig 
slider surface 150 to actuate slider bbdy 14^ in ^ btf - 
track direction. This allows inic2it>|k.sftibriirit %f tK^ 
read or write transducer carried by slider b<b<^ ^ 144 
during read and Write operatibn^ . Micir6Wg£ti;^ 
structure 148 may be formed of a piiioelectric tnateKtki 
15 which includes a lead zirconate ti taiiate (PZT) ttMtemi\ 
for example. However, othfer types Bf feiicroactitatdrs 
be used with the present inveritibn, such: a^ 
electromagnetic , electrostatic , cai)acitive , f luidic; 'to 
thermal, microactuators . 

^° /^ mentioned above, the suspension shown in 

the-previous figures has no stiff ehed load beam ^fectibii: 
Stiffened load beam sections Hkve bebn usfed in 
suspensions of- the prior art tb-^iiabilize the dj^^ 
response of the slider/suispensibn assjembl^ by i 
25 out-of -plane deflection of th6 sus^^ii^fbn under^ pj&fbad: 
The stiffened load beam haig-- servM^ to ^ naiht^^^ 
substantially planar suspension by 13.m^ting^ Cbe ^laatib 
strain of the preloading to a small lengtfi^ hekr tii4 
track accessing arm. Since the sUspefii^iori\bf " m 
present invention has no stiffened load- beam sedtibn; 
the: suspension beams have elastic: Strain 'idub^^ 
preloading throughput the length the bealhs;^ f5t:6ni thb 
track accessing ^artn to the slider/miciroactiiatbr 
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assetnbly. Additional resonance cbhtrol xneasuifeis are 
theref ore desired • . : 

' e^- ^ A suspension^- fiaviiig ^ tapereSd' fc^ with 
vanishing widths at the^ Idhigitudihar location of the 'air 
5 bearing- loadrpbin^^^^^ dlbsely 'approa:c constant 

bending^ stress conditibii.'^ ' T ideal can only be 
- ajpproximated -due to bending stresis 'risfers at the ends of 
the r suisp^nsion where ' the ' siispehsioii attaches to 
relatively jrigid compbn^ts . ~ This also provides a 

10 nearly constant curvature along this entire free length 
of the beams under elastic^ loading. If the suspension 
beams have a prelbad b^rid with a large radius of . 
curvature V the pireload bend will reverse under 
preloading such that the preloaded suspension will be 

15 nearly flat in a plane parallel with the disc. This is 
the ideal condition fbr the b^st off-traick frecpiency 
response of the suspension!- ^^"■^ ' •^^ ^ 

Sxhce it is difficult' to f birm a pteload bend 
such that the entire siifepension beaM^^ is imiforrol^ 

20 curved, it is more common : to have ■ a ^ sharp 
bend, which^ fbrms a "hun4)''^ of eiasticailly ^tr^ined 
material under preload as 'Shown in 'Figures 2^, 3B^aiici 4; 
The position of this humpi can be varied with the beiid 
forming tool^ such that the average' deivia^^ of spring 

25 material awaiy frbtn th^ ideal' i>i'^ne'' iW 

Figures 5-9 shown' finit^" ele\hen^^ modelxng 
resultiB\ that ^'were used to ^d4tei™ijl^ ^ •'S.eiired preload 
^ bend locafeibn for a siispisi^sioh simi^Tar ' t d ^ttat shown in 
Figures 3A and 3B . The slider was Tttddel^d 'a length 

30 of 56 milsi a width of '42 mils '2rb"mg, 
which is about 35 percent 6f ' industry sta^^ 
dimensions. --Suspension beaiins 112 were modeled 

as if etched from stainless steel 'flat s 
having a thickness of ii 2 mils. The suspension length 
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from the distal end of, the .track accessing arr^j • tpr^the 
air bearing load point was 0.300 inches -3. :The^.d^^^ 
from the suspension load, point ai 6 at the leading end of 
the slider to the . air. fc^eaying load point : 61 r-atu .the 
5 center of bearing prefsur^ w 0 ,033 inches ,,, SU3^^^ 

beams 110 and 112 were modeleid as tapering, to .a point 
having zero width at air bearing loa<l.point, 61.^ 
mass of the suspension was very small, resulting ^i^^^ a 
low frequency shock acceleration threshold of ; 651 

10 gravities before separation between the slider and 

occurs. This approached an ideal, value of 1000 
gravities for a massless suspension with a 2.0 mg slider 
and 2.0 gmf preload. By comparison, a similar assembly 
using a typical suspension of the prior art had a shock 

15 acceleration threshold of 9nly 340 gravities. r 
Figure 5A ia an -isometric view of, a finite 
element model of suspension, 1Q2 . Suspension beams 110 
and 112 were modeled wit:h, the preload bend 113 in each 
beam. Each preload b^nd. 113 had a bend angle 160 of 

20 35.8^ and a bepd radius .of ^ .quryature 
Thug^^pnly j^^port^ Qf; the. beam length, 

^ ^f^^^:- ; ?^®i^?^^r^^^4® Centered .halfway along 

the effective,. jEree l^^^ .measured from 

the track accessing^, a leading end of 

25 slider/micro^ctuato?^,as 2^., There were no notches 

used to aid in bend ; location. , 

Fi^gure 5B is ,an, isomeltric .viejiir of. the- finite 
element mpd^l sl>o\^, i^ after.^adding an air 

bearing lif1:in^^^^^ to the; air, beaming 

30 surface of slide^r/miqroactuator assembly./ ,20?. '/ The 
5f - /^^^ u-?*W stress, along suspension^beams 110 and 
112 was a^ a uni:^rm level:, of 40, OOQ. psi at- material 
locations, tjiat were distant from end; effects. End 
clamping at: . track accessing .arm. 24 . and 
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slider/microactuator assembly 20 increased the jpendlng 
stress at those locations ta^ about 63 , 0.00 psi . Since 
the yield stress of fully hcurdened stainless steel in 
this example was specified ajt- 180,000 psi,/^ suspension 
5 beams lip and 112 were not overstressfd by .preloafiing. 

Figure , 6 is a plpt .of the net . pitch torsion . at 
air bearing load, point. 61 .v®;^3us,^ the preload bend 
locfation along the effective free length of .suspension 
beams 110 and 112 . As discussed cJx>ve, it is desirable 
10 to have a nearly zero pitch torsion on the . air bearing • 
Stiffness variations in the suspension and the signal 
wires cause larger variations in a non-zero pitch 

torsion value than in a zero pitch torsion value. The 

■ . • ■ ' ' _i 

plot of Figure 6 shows that a single preload bend at 
15 about half the effective beam length results in nearly 
zero pitch torsion on the air bearing. 

Figure 7JV is an ,isQn^^t^i^ view of a finite 
element model of suspension 1Q,3. with , the: preload bend 
removed. Suspension 102 therefore provides zero preload 
20 force to slider/microactuator f assembly 20 . With the 
model shown in Figure 7A, the, suspension material lies 
in plane parallel, with the disc, ; surf a^^^ when the 
suspension cuid slider are loaded into the . disc drive • 

Figure 7B is an "off r track which 
25 illustrates a ,f recpjency riesponse. ratio of 

recording head of f -track displacjeme^^ of 
acce^fsing arm input . motion. 

Figure 7A had a single resonant^jrriQde of slider yawing at 
12.6 KHz. The tapered beam% modeled in, . Figure 7A 
30 deflect with a constant cuiprature. unde^^^ tip;.load. 
Therefore, a preload bend fprmed ■ . w^^^ constant 
cuirvature along the entire, length of the. suspension 
would deflect to a siibstantially. flat conf^^ 
in Figure 7A when the suspension is loaded into the disc 
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drive. However, such a bend is difficult to bldtain in 
practice / due to spring back effects in the bend forming 
• ■ -process : ■■yr.;^:-: 

Figure 8A is^ a side plan vifew of the 
5 suspehsibn model shdvm in- Figure 5A' iii ak' Wlo^ded 
ixjsition 164 (shown iri phantom) and in a Ibaded position 
166, with preload bend 113 positioned at 50 percent of 
the distance between the track accessing arm Mid the 
leading end of slider /microatuator asgesmbly 20^ Fi^re 

10 SB is a corresponding cff- track bode plot for the 
suspension model shown in Figures 5A-5B. Several 
additional resonant peaks appear due to torsional modes 
of vibration within the suspension. The lowest 
frequency of these additional resonant peaks is 3.0 KHz. 

Figure 9A is a side plan view of the 
suspension model shown in Figure 5A with preload bend 
113 positioned at 35 percent of the distance between the 
track accessing arm - arid the leading end of 
slider/microatuator asSifernbly 20; Figure 9B is a 

20 corresponding of f -track-bode plot bf ' tHi m^^ in 
Figure- 9A-. Only two-r iresonant^ p^iki" teiiiaih; a "tor sion 
mode riesohant peak^ at 4 : 0- KHz and ^ a slider yaw mode 
resonant peak -at 14 . 5 iKilii'; 

■Thus; the result shown in Figiiite 9B suggest 

25 that the prel64a beiid liS'be positlbh^d ait 35 petcerit of 
thei suspension beam lert^tK to dbtfaiii kn biff -track bode 
-plbt with miniihai r66'onan€ pesiksj- Wii^^ tlie results 
shown- in Figure 6 suggests- tMt thfe^^preload'l^^ i!L3 be 
positioned "at 50 perceni£"bt the suspension beart length 

30 to obtain zero pitch- *ebrsion at trhe air beariiig "load 
point. A' suspension' havirig^~a minimal mass and'- a single 
preload bend of a. small radius of curyatiire th¥i:efbre 
cannot ^give' the • desired combination of z'eiro pitch 
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torsion at the. air bearing . load point and an ofJE- track 
bode plot with minimal resonant peaks . 

Several solutions: to thi^ dilemma aire poM^^ 
in aGcordance with the- suspension of present* inVehltibh. 
5 First , . i the suspension can have a plain form dthder -than 
the minimal mass conf iguratioh (Which is shbwn'i* P-i^guu^ 
3A) . This solution would tend to undesireaibly reduce 
the shock threshold at which slider- disc separation 
occurs. Second, an additional bend can be formed in 

10 suspension beams 110 and 112 near suspension load point 
114. The additional bend would be formed such' that 
there is substantially zero- pitch torsion at the' air 
bearing load point 61 • This solution would tiehd to 
increase the meuiufacturing cost due to the- additional 

15. bend. Third, the stacking height at the track accessing 
arm can be increased. The stacking height is equaL to 
the distance from the surface of the disc to the: lower 
surface of the track accessing arm. Increasing the 
stacking height tends to reduce nose-down pitch torsion 

20 on slider assembly 20. 

Figure lOA is a top plan view of an actuator 
assembly 190 according to another alternative embodiment 
of the present invention- Actuator assembly 190 
includes suspension 200 > track accessing arm 202 : and 

25 slider 204. As in the previous embodiments, ' suspensi'^^ 
200 includes laterally spaced suspensioii beams 206 aiid 
208 which extend along longitudinal axis 210 1 between 
track, accessing arm 202 and slider 204 . However, in 
this; embodimentv-^e suspension beams 206 arid 208 are 

30 attached directly- to the back surface of slider 204. 

• Eigiire .lOB is a side plan view of actuaitor 
assembly 190 .:, An elastically def ormed preload 'bend 214 
is -formed in suspension beams 206 arid 208 in a direction 
trcmsverse to: r longitudinal axis 210 . Piezoelectric 



strips 216 and 218 are attached to suspension 2Q0 along 
the length of suspension beams 206 and ' '208, 
. respectively. Piezoelectric, strips ^ 216 v^and 218 are 
.positioned over i the "humps." ;in suspension beams 206 and 
5 n;208 which are the resultant shape of,: nthe elastically 
: deformed preload bends 214 . : Piezoelectric strips 216 
: and 218 can . ^ : be foxmed of a > • polymer such as 
pplyvinylidene fluoride (PVDF) CHarGF^; 

Piezoelectric strips 216 and 218 are attached 
10 suspension beams 206 „ and 208 wi*ah a conductive 

adhesive such that suspension 200 acts as a ground plane 
for. each, strip. Each strip has a thin electrode layer 
, deposited on its: top surface, to which control wires or 
flex circuit traces (not shown)i can be bonded. 
15 : Piezoelectric strips 216 and 218 have poles that are 
orientated such that the length of c strips 216 and 218 
.along, longitudinal axis 212 will expand rwhen a positive 
"^^•••If^S^ P^*^®^tial is applied between the top electrode 
and the ground plane and will contract when a negative 
20 voltage potential is applied between the top electrode 

jand the ground: plane., ^ . ^ 

Strips 216 and 218 act as: a- self-contained 
track-seeking mi croactuat or and preload control device. 
Since strips 216 and 218 are bondedi^itp : the hlimps on 
25 suspension beams 206 and :20av the hump on a? first bdam 
may be flattened by contract ing itSf. strip while the hun^) 
on the second beam, may be- exaggerated rby expandi^^^^^ 
strip . . This action extends the length pp the : first beam 
while shortening the length of the second) beam;:, causihg 
30 slider 204: to shift its track/^registration^in: .atn of f - 
track direction 220 . Thej combihat ion : of -contraction on 
one suspension beam / and; expansion: oii -: :.the;i- other 
suspension beam also changes; the preload/ appliedrtoy: each 
suspension, beam. The following tablec shows four general 
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modes of microactuation for track seeking and preload 
control: - 



BEAM 206 
VOLTAGE 


BEAM 20 8 
VOtiTi^GE' 


PRELOAD , . 
CHANGE^'' 


TRACKING 
CHANGE 






Reduced 


None 


+ 




None 


, Seek to Beam 
"208' Side 






iSfbne 


Seek to Beam 
:206 Side 


- ■■•■ + . ^ 




■ Increased " 


None 



10 i These modes of microactuation may be uised in 

combination to maintain av .desired -flying stability 
during track seeking.. The preload control modes may be 
used alone to allow a relatively high flying height wi.th 
a: lowinprelpad . force, when the disc- drive is idle, or to 

15 allow avlow flying height with a high preload force when 
the disc, drive is accessing, data. The track seeking 
microactuation mode may be used in a traditional manner 
for centering the recording head on a desired data track 
or for generating a slider/disc stiction release jogging . 

20 motion during slider* take-oft from the disc surface. 
The preload control modes may be used to load and unload 
slider 204 from the disc duringrstart up and shut down, 
as well as to control flying height 

* Although/^ ^the . presentt - invention has ;. been 

25 described with reference to preferred embodiments, 
workers skilled, in. the. art will recognize that changes 
^ may be made in form^ and; details :without departing from 
the spirit and; scope: of the invention. 
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WHAT. IS CLAIMED Ifl r 

^- A disc drive comprising: . : .,c . 

•r ' ' ■ " ^ data:'"storage---disc;''--and"^-'^ * •:.-^-^=:c-=^:^x.r^v..=:......-r, 

^^tuator means; for carry^ 

i Tv^ ^^^^ Write ^in£6annation bnto^ tike 

data storage disc. 
21. \ A suspension for supporting a slider a;sserabiy 
in a di,sc drive, the suspension comprising: 
a longitudinal axis; 
, a proximal mounting section for moxinting to: a 
rigid track accessing arm; 
a distal, mounting section for support ing the 

slider assembly;: : : : . : 

first and second laterally spaced suspehsibn 
beams extending from the? prdximal 
mounting section ito^» the distal^ mounting 
section, wherein the first ahd second 
suspension beams have inside aiid outside 
edges relative to: the: longitudinal axis 
and are flat from the inside: edges to 
. the outside 'edges; : and^ -v. _ , 

a first preload bend: formed in the first and 
second suspension; beams transverse to 
the longitudinal axis. ^ ,^ ^ 

3. The suspension of claimc 2 >/her^in;'^>^ the 

.suspension is formed of a single >. .^unitary piece of 
material..:-. ,^>.:. , ■ y^..-] ■ .^^ ....... _ 

The suspension of claim; 2: wheiceini^ . • x^^^^ 
the first and second suspension beams have an 
effective free length which is measured 
from the proximal mounting section to 
the distal mounting section; and 
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the first preload bend is positioned ^etween 
about 30 pefceht and about 50 percent of 
the effective free ierigth^^ 
5 ; The suspens ion 6f " "cla^im '4 wherein • the first 

and- second suspension beams have a substaritisilly 
constaiit width f rom thia prdkiml^l mdimting sectiori to the 
distal" mounting section. ^ ^ ^ 

6. The suspension of clairii 5 wherein the first 
preload bend is positioned/ at aboxi^ percent of the 
effective free length. 

7. The suspension of claim 4 ' wherein the f irst 
and second suspension beams each have a width which 
decreases linearly between tte proximal mounting section 
and the distal mounting section. 

8. The suspension of claim 7 wherein the first 
preload bend is positioned at about 35 percent of the 
effective free length. 

9. The suspension of claim 8 and further 
comprising: 

a second preload bend formed in the first and 
second suspension beams, between the 
first preload bend and the distal 
mounting section. 

10. The suspension of cloi.im: 2 wherein the first 
and second beams have a geometry selected such that a 

' specif ied bending force applied to the first cuid second 
suspension beams re^sults in a spfe^ified bending stress 
level in the first and second suspension beams which is 
substantially uhifbrm albng fch^ first and second 
suspension beams ^' 

11. ~ " The suspensibn of claim 10 wherein the first 
and, second sus^enision beaims^:' have ' a minimum mass such 
that substa;ntially ho material may' be removed from the 
first and second suspension beams without increasing 
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bending stress in the .first and second beams beyond the 
specified bending stress level . 

12* The ;suspe|nsion of claiin 2.- wherein the distal 

mounting section cpmprise^. a, f i^^ pad formed 

. at a , distal end of,, the ..f ir;^t suspension bes^mv^^a second 
mounting pad formed at. ja distal , end of the second 
suspension beam and a bridge extending between the first 
and second mounting^ pads 

13 . The suspension ^ of claim 2 auid ; further 
comprising: 

a first notch positioned r along one of the 
inside and outside -edges of the first 
suspension beam and def ining ; a position 
of the first preload, bend in the first 
suspension beam along the longitudinal 
axis; and. ■ . - _ 

a second notch positioned along one: of the 
inside and outside -edges of the second 
suspension beam and defining a position 
the first preload bend in the second 
suspensipn^ biB^ 
axis. - 

14 i The suspension of claim 1 and further 
comprising: 

a first piezoelectric microactuator, strip 
applied to the. first suspension: ^beam 
along the first preload bend; y 

a second piezpelectric, i^^^ 

applied to the second suspension beam 
along the first preload.^bend; and^^ 

wherein the first ajid. second, piezoelectric 
strips each: haveL, :c^^^^ 
. longitudinal axis which is a function of 
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a voltage applied to that piezoel^ectric 

strip. , 
15. An actuator assembiy comprising: 

a rigid track access ing^ a 
a slider assenibly; and . 
a suspension comjif is ing : , 

a longitudinal axis; 

a proxinjal mpiinting section supported by 
the rigid track accessing arm; 

a distal mounting section supporting the 
slider assembly; 

first and second laterally spaced 
suspension beams extending from the 
proximal mounting section to the 
distal mounting section, wherein 
the. first and second suspension 
beams have inside and outside edges 
relative to the longitudinal axis 
and are flat from the inside edges 
to the outside edges; and 

a first preload bend formed in the first 
and second _ suspension beams 
transverse to the longitudinal 
•■ axis. . 

16* ^ The actuator assembly of claim 15 w the 
first and second beams are substantially unconnected to 
one another between the track accessing arm and the 
slider assembly. 

17. The actuator assembly of claim 16 wherein the 

suspension further comprises a fixture alignment feature 
extending between the first and. second suspension beams 
at a location between the track accessing arm and the 
slider assembly. 
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pads such that the bridge is separated 
from the back surface. 
The actuator assembly of claim 21 wherein:' 
the slider body further has ' a length along 
the longitudinal axis and a bearing, 
surface, wEefein the "Bearing surface 
defines a bearing load point along the 
length; ahd 
the first smd second mounting pads each have 
an average longitudinal bond location 
along the length which corresponds to 
the bearing load point. 
The actuator assembly of claim 20 wherein: 
the slider body has a leading end and a 
trailing end lis parallel with the 
longitudinal axis of the suspension; 
the microactuator structure comprises a main 
body with a suspension mounting surface 
which is positioned forward of the 
leading end of the slider body, along 
the longitudinal axis/and comprises at 
least one beam spring extending from the 
main body and attached to the slider 
body; and 

the first and second mounting pads are 
attached^' tb the suspends i^^ mount ing 
"surface," " ' / 
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